Objective − To present a rare case of osteoid osteoma of the metacarpal bone and to emphasize the importance of correlation of radiological analysis with anamnestic data and clinical findings. Case Report − We reported the case of osteoid osteoma of the metacarpal bone in a 14-year old girl. The patient, a volleyball player, presented with pain in the left hand. At first, nonsteroidal anti-inflammatory drugs relieved the pain but over the time it became more intense and was accompanied with swelling. On the basis of magnetic resonance imaging (MRI), the case was misdiagnosed as a status post-fracture of three metacarpal bones. After inappropriate treatment with physical therapy, the patient's condition worsened, thus multiple laboratory tests and radiology imaging techniques were performed to achieve the right diagnosis. Diagnosis of osteoid osteoma was finally made by CTscan and appropriate treatment by surgical ablation was performed. Conclusion − Osteoid osteoma rarely occurs in metacarpal bones. Physicians should be aware of the atypical clinical presentation of this benign lesion in the metacarpal bones.
Introduction
Osteoid osteoma is a benign osteoblastic bone tumor typically occurring in younger patients in their second or third decade of life. It predominantly affects males, though patients of all ages and genders can be affected (1) . It was first described by Jaffe in 1935 and it is the third most common benign lesion of bone (2) . Osteoid osteoma is a small spherical tumor with a diameter of 1.5 cm or less (3) . It is typically a cortical lesion, located in the diaphysis or metaphysis of long bones, the femoral neck is the most common location. However it may be subperiosteal, endosteal or medullary, with most authors considering these locations to result from migration from the typical cortical origin (4) .
Five to 15% of osteoid osteoma occur in the hand and wrist, most commonly in the proximal phalanx and carpus (5) . It is reported that the metacarpals are the least common site for this tumor (6) .
Typical radiographic findings of osteoid osteoma include an intracortical nidus, which may display a variable amount of mineralization, accompanied by cortical thickening and reactive sclerosis in a long bone shaft. Carpal and tarsal osteoid osteoma may display less reactive sclerosis, a finding that can be misleading (7) .
Prostaglandins are found in the nidus at levels 100 to 1000 times that of normal tissue. They induce vasodilation and resultant increased capillary permeability in the tissues surrounding the lesion and are believed to mediate tumor-related pain, classically described as night pains relieved by salicylates (3) . The patients most often complaints of pain which is nocturnal, intermittent and typically relieved by taking aspirin (6) . The clinical diagnosis of osteoid osteoma in metacarpals is often missed or delayed. This is due to the fact that the clinical, radiological and histological features of osteoid osteoma in metacarpal bones may differ from that in long bones (8) .
Here we present a rare case of osteoid osteoma of the metacarpal bone in a young patient.
Case Report
A 14-year-old right-handed girl presented with swelling and pain in her left hand. The pain had started one and a half years before when she came to the doctor for the first time. In view of the fact that the patient was attending regular volleyball practice and suspecting an injury, an X-ray of the hand was done. However, the X-ray came back clean without evidence of fracture, so nonsteroidal anti-inflammatory drug (NSAID) -ibuprofen, was prescribed for pain relief. Since the pain has decreased no further diagnostics were ordered. Three months back, occasional pain became constant, more intense and accompanied by swelling of the hand. Ibuprofen, which had been used daily (600-1200 mg) for longer than one month, brought no longer relief. The pain radiated to the left shoulder and the back, worsened with activity and for that reason, the patient stopped with the volleyball practice. The patient denied earlier injuries, morning stiffness or pain in other joints.
Physical examination revealed swelling on dorsum of the left hand with tenderness as well as spreading pain along the arm when palpated. Left hand grip was weaker than the right hand one. The musculature of the left hand was hypotrophic in comparison with the right hand and the left elbow circumference was 1.5 cm less than the circumference of the right elbow. The left scapula was positioned higher relative to the right, and painful in all the points, as established by palpation.
All of the ordered laboratory tests came back clean (full blood work, erythrocyte sedimentation rate, and rheumatoid factor (RF)), with the exception of antistreptolysin O titer (ASTO) which was positive at 400 IU/mL. Comparative X-ray of both hands eliminated a suspected fracture and due to thickening of corticalis II, III and IV metacarpal bones of the left hand the radiologist suggested further diagnostic tests and imaging ( Fig. 1 .)
The first examination by orthopedist did not prompt indication for further orthopedic treatment, while the physiatrist wanted to examine the possibility that a ganglion cyst has formed. Additional diagnostics were conducted: test for brucellosis came back negative, nasal and throat swab tests were clean. Due to an increased ASTO value, heart ultrasound was also done, showing normal condition. The ultrasound of the soft structures on the left hand showed signs of cutis and subcutis lymphostasis, as well as signs of peritendinitis. Furthermore, the MR scan of the left hand was taken (one month after the xray), showing the pathological signals of the diaphysis on II, III and IV metacarpal bones, with thickened corticalis, suggesting the diagnosis of a post-fracture condition. Based on these findings, the patient was sent for five physical therapy treatments and cryotherapy was also advised (Fig. 2) .
Following the physical therapy treatment, the pain in the hand and shoulder worsened and could no longer be relieved by oral analgesic therapy, so the patient was sent to the Pediatric Clinic of the Clinical Centre for further examination and treatment. Due to suspected rheumatoid etiology of the pain and swelling, additional laboratory tests were done. The following tests were performed: peripheral blood smear, ANA IFT-IFT Hep2 cells, HLA-B27, 24-h proteinuria, eGFR, proteinogram, Serum protein electrophoresis, rheumatism tests, total IgE, Chlamydia pneumoniae serology, Mycoplasma pneumoniae serology, CMV and EBV serology, urinoculture, coproculture, stool benzidine, nasal and throat swab, PTH, osteocalcin and beta cross laps. All laboratory tests came back clean, with the exception of positive IgG antibodies to CMV (IgM was negative) and the beta cross laps which had higher than normal value (1.37 ug/L, whereas normal value is <0.57 ug/L).
The ultrasound of the ankle joints, feet, elbows, both shoulders, and abdomen was performed but no argument was found in favor of a rheumatic disease. Furthermore, the ultrasound of peripheral lymph nodes pointed out reactively changed lymph nodes on the neck, and lymph nodes with chronically changed echo characteristics bilaterally in axillary and inguinal regions. In view of the unclear clinical picture and the degree of difficulties which were not in correlation with the radiological examination (post-fracture condition of II, III and IV metacarpal bones), the orthopedist requested a joint examination with a rheumatologist and a radiologist, and consultations with a hemato-oncologist. At this point, no specific diagnosis could be established.
Looking at the history of the disease and previously conducted tests and radiological examination results, the hemato-oncologist did not identify elements of hemato-oncological disease, while the pediatrician endocrinologist recommended making a new X-ray of the wrist and hand. The X-ray revealed normal bone maturation, and noted a round, more dense zone at the base of III metacarpal bone of the left hand, with open etiology (Fig.  3 ). Due to hypotrophy of the entire left arm musculature, a mild deficit of the full extension of the left elbow and discrete weakness in the gross motor strength of the left hand, the physiatrist suggested doing EMG of the left hand and left arm, as well as X-ray of the neck spine in two directions. The X-ray of the neck spine came back clean and EMG of the upper left extremity was supporting axonal lesion of the ulnar nerve with a minimal bloc of medianus linking paracubitally. Skeletal scintigraphy was also performed, showing a focus in the area of the left metacarpal bones suggesting an acute process, possible inflam- mation. In addition, moderate accumulation focus was found in the left shoulder.
Subsequently, a joint consultative meeting of rheumatologists, orthopedists, children's radiologist, and hemato-oncologist was held. It was concluded that additionally an MRI exam of the shoulder girdle and left hand CT should be done. The MRI of the left shoulder did not indicate any significant pathomorphological changes on the bones or muscles of the shoulder girdle, while axillary lymphadenopathy was described as reactive. The CT of the left hand showed a zone of changed density in the area of the base of III metacarpal bone which, according to CT characteristics, primarily corresponded to an osteoid osteoma, as well as visible deformity of III metacarpal bone with changes to II, III and IV metacarpal bones with changed corticalis ( Fig. 4) .
As the CT exam indicated changes in line with osteoid osteoma type, the patient was transferred to the Orthopedic Clinic to undergo a surgery. After extirpation, the tumor bone sample was sent for pathohistological analysis which confirmed the diagnosis. The patient's pain resolved in the first 24h after surgery and she no longer needed analgesics, while the scope of movement in the hand recovered. Therefore, the correct diagnosis was made about five months after the first examination of the patient. A control X-ray was made three months after the surgery, showing the signs of bone overgrowth in the place of the previous tumor growth, and the patient has had no further difficulties.
Discussion
Osteoid osteoma accounts for around 5% of all bone tumors and 11% of benign bone tumors (9) . Between 19% and 31% of all osteoid osteoma occur in the upper extremity while lesions in the hand and wrist comprise 5% to 15% (10) . All types of osteoid osteoma (cortical, medullary or subperiosteal) may occur in the metacarpal, metatarsal, and phalangeal bones. Because of the proximity of the bones in the hands and feet, an inflammatory reaction that originates from one lesion often spreads to adjacent bones and joints. Moreover, soft tissue swelling may be prominent which may resemble infection or inflammatory arthritis (7) .
The patients usually present with pain and swelling (6) . If osteoid osteoma involves a bone in a subcutaneous location, erythema and tenderness are also present. In the hand and wrist, point tenderness is characteristic (10) . In most cases, pain is described as a dull and unremitting ache that starts off as mild and intermittent that gradually increases in intensity and persistence. The disparity between intense pain and the small physical size of the lesion is probably explained by the presence of nerve fibers and high vascularity within the nidal and perinidal tissues, which is a unique feature in this tumor (3) .
Osteoid osteoma that occurs within or near a joint is rare. Due to the rarity and nonspecificity of its clinical presentation such as pain, joint tenderness, joint effusion even monoarthritis, diagnosis may be difficult and mistaken for other etiologies such as inflammatory or infectious arthritis, aseptic osteonecrosis, fatigue fracture or radicular syndrome (11) . If lesion continues to progress, the patient can present with flexion contracture and a decreased range of motion (9) . The referred pain, simultaneous muscle atrophy and decreased deep tendon reflexes in the affected limb may erroneously suggest the presence of a primary neurological disorder (9, 12) .
In the here presented case, the unclear clinical presentation alluded to a rheumatoid etiology but performed tests were negative. EMG performed due to suspicion of neurological disease has shown axonal lesion of the ulnar nerve caused by compression of osteoma on the deep nerve branches.
Typical findings of osteoid osteoma are an intracortical nidus with fusiform cortical thickening, reactive sclerosis, and bone marrow edema (7) . However, osteoid osteoma may have an imaging appearance similar to those of other conditions, which can lead to confusion. Subperiosteal osteoid osteomas can produce an extensive aggressive periosteal reaction, whereas intraarticular lesions typically cause relatively little periosteal new bone formation (13) . In the metacarpals and phalanges, some lesions may display no lytic nidus on any imaging modality and there may be an absence of reactive bone sclerosis (8) .
Due to the unusual radiographic presentation of some osteoid osteoma, many are not diagnosed by plain radiography. It is reported that between 24% and 29% ofosteoid osteomas are not demonstrable on plain radiographs (10, 14) . In such cases, CT, bone scintigraphy and magnetic resonance imaging are useful in making the correct diagnosis. However, precise localization of the osteoma on MRI may not be easily detectable in 35% of the cases, as it is often hidden by the associated perilesional edema, while in 50% of the cases, the osteoid osteoma has an atypical presentation (11) . MRI is more sensitive in the diagnosis of bone marrow and soft tissue abnormalities adjacent to the lesion, but CT is more specific when it comes to detecting the lesion's nidus (3) .
When osteoid osteoma is accompanied by severe inflammatory changes such as a prominent periosteal reaction, exaggerated synovial hypertrophy, and joint effusion, or extensive bone marrow and soft tissue edema, it may be difficult to reach a diagnosis. Findings such as these may cause radiologists to suspect an entity other than osteoid osteoma. For example, traumatic injury or infection may be suspected if small nidus is masked by extensive bone marrow and soft tissue edema (7) .
Cortical thickening of the second, third and fourth metacarpal bones shown on the X-ray and MRI of our patient, in absence of clear visualization of the nidus, led the radiologist to describe it as a post-fracture callus. Indeed, when extensive cortical sclerosis is present in long bones, its appearance on radiographs can mimic both a stress fracture and osteoid osteoma. If the history and location of the cortical thickening are classic for a stress fracture, then additional workup is not indicated. However, if either the focal cortical thickening or the clinical presentation is atypical for a stress fracture, then further evaluation would be warranted, especially if there is no anamnestic data about the injury. In cases like this one, CT is excellent at demonstrating the presence of a subtle lucent stress fracture. The presence of a cortically based nidus, in addition to a characteristic clinical history, would indicate an osteoid osteoma, while the presence of a linear fracture lucency on CT would indicate a stress fracture (15) . Bone scintigraphy as well may help differentiate a stress fracture from osteoid osteoma. On scintigraphic images, a stress fracture demonstrates linear, intense uptake of the tracer, whereas osteoid osteoma displays the "double-density" sign, in which intense central uptake is seen at the site of the nidus and moderate uptake is seen in the surrounding area (7) .
Considering the possibility of spontaneous healing of osteoid osteoma, medicamental treatment in the form of prolonged use of nonsteroidal anti-inflammatory drugs is an option. However, caution is advised since there is a risk of the potential side effect of NSAID use. Furthermore, there are some reports which indicate that these tumors could progress to osteoblastoma on prolonged NSAID treatment. Complete surgical excision of the nidus, even if it is intralesional, is the treatment of choice for patients with severe pain, for those who do not respond to NSAIDs or aren't willing to tolerate pain, for patients with particular risk of long-term renal or gastrointestinal complications of NSAIDs, as well as for children when the constant presence of these tumors can lead to growth disorders. Surgical treatment provides immediate relief and is usually curative (9) . Other less invasive methods of treatment have been described such as ablation of the nidus with a percutaneously placed radiofrequency, radionuclide-guided excision, CTguided percutaneous excision, percutaneous laser photocoagulation, and computer-assisted surgery (6) .
Conclusion
Osteoid osteoma is a relatively rare cause of wrist pain but should be considered in young patients with persistent pain and untypical clinical or radiological findings. The radiologist must take anamnestic data and clinical findings into consideration when making a final conclusion on the diagnosis. If the nidus could not be clearly visualized by plain radiography, a CT scan should be obtained. We would like to emphasize the importance of communication between physicians and radiologists.
